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Introduction

Power factor corrected (PFC) preregulators are generally
used in offline ac/dc power converters with a power level
higher than 75 W or to meet line harmonic requirements
such as EN61000-3-2. PFC is typically done with a boost
converter ac/dc topology due to the continuous input
current that can be manipulated through average current-
mode control to achieve a near-unity power factor (PF).
However, due to the high output voltage of a boost con-
verter, a second dc/dc converter is generally needed to
step down the output to a usable voltage. In the past this
has been accomplished with two pulse-width modulators
(PWMs). One PWM controlled and regulated the PFC

power stage, while the second was used to control the
step-down converter. The UCC28517 controller reduces
the need for two PWMs and combines both of these func-
tions into one control-integrated circuit. The UCC28517
operates the second converter at twice the switching
frequency of the PFC stage, which reduces the size of
the boost magnetics and the ripple current in the boost
capacitor. For more information on this device, please see
Reference 7. This article reviews the design of the second
12-V, 8-W power stage to be used as an auxiliary bias
supply. A review of the PFC preregulator power stage
can be found in the 3Q03 issue of the TI Analog
Applications Journal.

Variable definitions

At Soft-start interval
nl Output A efficiency
n2 Output B efficiency
Coione Boost diode capacitance
Coss FET drain-to-source capacitance
Dinax Duty cycle maximum
ESR Output capacitance equivalent resistance
f, Voltage-loop crossover frequency
fopto,pme Frequency where optoisolator gain is —3 dB from its dc
operating point
fg Minimum switching frequency
foa Output A switching frequency
fg Output B switching frequency
ols) Control transfer function
GCD(S) Control to output transfer function
optols) Optoisolator gain transfer function

(s) Voltage divider gain
| Transformer magnetizing current

m P
Iopjnin Minimum optocoupler current (1 mA)

log Peak inductor current, peak diode current, peak
switch current

lams RMS device current

lss UCC28517 soft-start current of 10 A

L Transformer primary magnetizing inductance

N Transformer turns ratio

Np Primary turns

N Secondary turns

Pcond Device conduction losses

Pcoss Power_ dissipated by the FET's drain-to-source
capacitance

Poiooe Total loss in the boost diode

PDIODEfCAP Loss due _t(_J boost diode capacitance
FET TR FET transition losses

Peare Power dissipated by the FET gate

Pouma Output A max?mum power
Pouts Output B maximum power
Qgare FET gate charge
Rbs(on) On resistance of the FET
Riad Typical load |mpec_iance
Rsense Current sense resistor
s Angular frequency (j2ri)
torank Amount of leading-edge blanking time
FET fall time
t, FET rise time
Teg 1/fgg =5 s
Tsm Voltage loop frequency response
Vboost Same as gz,
A Control voltage
Vv, Oscillator peak (5 V)
v, Forward diode drop (0.6 V)
denamlc Current sense voltage range
Vi Forward voltage of a diode
Veare Gate-_drive voltage
Vin RMS input voltage
Voura Boo_s._t output voltage (V)
Vouts Auxiliary output voltag_e
0 Output peak-to-peak ripple voltage
\/;EF UCC28517 internal reference
Vripple Output B ripple voltage
VSlope Voltage ramp peak added for slope compensation
Vierr Feedback error voltage
VRer Tz TL431 (D13) internal reference
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Table 1. Design specifications
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MAXIMUM | TYPICAL | MINIMUM
VIN 265 Vrms 85 Vrms
Output A (Vo) 410V 390V 370V
Output B (Vyy7g) 126V 12V 114V
Output A efficiency (n1) 85%
Output B efficiency (n2) 50%
Pouma 100 W 10W
Pouts 8w 4W
Output ripple A (Vpp) 12V
Output ripple B (Vripple) 750 mV
Output A THD (% THD) 10%
PF 1
Output A switching frequency (fg,) 100 kHz
Output B switching frequency (fgg) 200 kHz

The following design example was generated using typi-
cal parameters rather than worst-case values. Please refer
to Table 1 and Figures 1-3 for design specifications and
component placement. All variables are defined in the

sidebar on'page 21.

12-V, 8-W auxiliary converter (OUTB)

Due to the high input voltage from the boost converter, this
design required a dc/dc converter with a step-down trans-
former to achieve the desired output voltage of 12 V. The
low power requirements permitted use of a discontinuous-
mode flyback topology, which uses fewer components than
a standard forward converter.

Figure 1. PFC power stage schematic

Transformer turns ratio
The following equation can be used to calculate the trans-
former turns ratio (N) needed for this power stage.

_ Dinax X Voura * Tsp
(0.9 = Drpax ) * (Vours +Va) *Tsp

The UCC28517 PWM/PFC controller has a user-selectable
duty-cycle clamp. For this design the duty-cycle clamp was
set toa D of 0.55. The UCC28517 has a forward enable
comparator that will not allow the forward converter to
operate with a boost voltage less than 50% of the nominal
value. This allows the cascaded step-down converter to

R18 R24
392 kQ 392 kQ

470 <{ OUTA+
2 TP12 P1
AcL, T = l +al HFA0BTB60 J_ -,
) e 4 2 a 562 kQ .
X 4rnr PBGs RFP4S0 < R3s o7 uF ~T-100 WF
ATy
l - 562 kQ
AC_N .
N/ R5 R20
0.33Q 221 kQ ,
] * : — OUTA-
L p2°
TP1 f =
R41 =R15
470 <= 3.92kQ
P2
(L) ]
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Figure 2. dc/dc power stage schematic
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operate during loss of line voltage. An auxiliary winding of
22 turns was added to power the UCC28517 control IC as
well. For this design Pulse Engineering designed a 22-turn
transformer (part number PB2039).

Power switch (Q2) and output diode (D8) selection

To select D8 and Q2 properly, a power budget is generally
set for these devices to maintain the desired efficiency
goal. The following equations were used to estimate power
loss in the switching devices. To meet the power budget
for this design, an IRFBF20S FET and a 20CJQ045 dual
diode from International Rectifier were chosen.

9 x LOUTB
I —_ Vours
PK_Q2 = Tou
I _ Pours o [Drmax
RMS_FET_Q2 =

n2xN 3

_ 2
Poonn_rer_q2 = Rpscon) *IjMs_reT

Poate_q2 = Qaate X Vaare *fs

1 2
Pooss_q2 :§COSS_Q2 xVours *fs

1
Prer_TR_qQ2 :§VOUTB XIpms_qe Xty *+tp) xfgp

Pqa = Peate_q2 *Fooss_q2 *Feonn_rer +Prer_TR Q2

2% Pourg XA =Drpax)
Vours

Ipk pg =

p _ Cpione V2

DIODE_CAP_D8 — OUTB *f

SB

Poonp_ps = Vi *IgMs_ps

1-D
I =1 X, |——max
RMS_D8 ~ "PK_D8 3
Poione = Feonn_ps *Fpiope_cap_ps

Output capacitor

The output capacitor selection for the step-down converter
was based on requirements for energy storage, output ripple
voltage, RMS current, and peak current.
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P

~—0ouTB
V,
I =9 x _ "OUTB
PK_C30 1- D
V.
ripple
BESRe30_max < .
PK_C30
305 05X XA D)
fsg * Vours
B H-3x(1-D_ )0
IRM87030 - IPK?CSO \/(1 Dmax) u 19 s

Rsensez . .
The dc/dc power converter is designed for peak-current-

mode control. R4 is the current sense resistor, which can
be sized through the following two equations.

[ = Voura *Drnax

" Ly, xfgp
R4 = \{iynanﬂc
I+ IPK_ C30
m N

Soft start
The UCC28517 has soft-start circuitry to allow for a con-
trolled ramp of the second stage’s duty cycle during startup.
The following equation was used to calculate the approxi-
mate capacitance needed to achieve a soft start of roughly
5 ms (At).
Lo > At

5V

Cl6=

Slope compensation

Designing a power converter that uses peak-current-mode
control generally requires slope compensation to remove
instabilities in the control loop and to make the design less
susceptible to noise. Resistors R11 and R8 (Figure 3) sum
in a portion of the oscillator signal to the current sense
signal for slope compensation. Generally the added slope
Vg Klop ) required is equal to half the down slope of the
change in output current. By selecting R11 first, you can
calculate the required value of R8 to generate the required
slope compensation.

PK CSOD 4
slope Elm

Rl 1V = Vope)

\élope
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Leadmg.-edge blanking c"c,u't Figure 4. Typical current sense signal
The typical current sense signal for a

converter using peak-current-mode
control is shown in Figure 4. As shown,
during time T1 there is a leading cur-
rent spike. This is partly caused by the
parasitic gate-to-source capacitance of
the power stage switch Q4 and the
voltage divider formed off the gate !
drive by R4 and R7. This leading-edge ™
spike can cause the peak-current-
mode signal to terminate the gate
drive prematurely. To remove this

instability, a leading-edge blanking

Electronic components Q4, R40,
R42, and C10 form a leading-edge VouTa
blanking circuit. This circuit is used (Vboost)
to clamp leading-edge current spikes.
The timing of the leading-edge blank-
ing can be adjusted by modifying the +
size of timing capacitor C10: VVREF_TL431 Gefs)

Ve VoutB

G‘co(s)

—_ ol
9(R40 + R42)

H(s)

Control loop for the dc/dc converter
Figure 5 shows the control block dia-
gram for the control loop of the dc/dc
converter. G, is the compensation
network’s transfer function (TF), GOpt o(s) is the optoisolator Figure 6 shows the circuitry that was used for the voltage
gain TF, G, o(s) is the control-to-output gain TF, and H(S) is feedback loop. D13 is a TL431 shunt regulator that can
the divider gain TF. To estimate the frequency response of function as an operational amplifier to provide feedback
each gain block, the following equations can be used. control when set up in this configuration.

fopto_pole 18 the frequency where the optoisolator gain is
-3 dB from its dc operating point; and Vypppe mp45; 1S the

internal reference voltage of the TL431 shunt regulator. Figure 6. Voltage feedback loop
R,..q represents the typical load impedance for the design.
R27 V VouTa
H(S) = = A (Vboost)
R27+R32 Vours

Ve = VVERR G VouTs
_R13 1 co(s)
opto(s) ~ R36 x S
1+—
2Tlfopto_pole {
G .= sxR35xCl14 +1 x@x 1 = R32
“®)sxCl4xR31x(1 +s xR35 xC15) R36 |, 8 e
2Tlfoptof};)ole
C14 C15
R35
G _VOUTB :Rload xﬁ 9 1+sxC30 xESR % I

oy R4 N, 1+sxC30xR, 4

S

%Rﬂ
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Initially the resistor values for the divider gain, H(S), must
be selected. The following equation can be used to size
these resistors, where Vi ;pp is the desired output voltage
and Vyppp 7ras; 1S the internal reference of the TL431.

R32 = R2TMours ~ Vvrer Trast)

VREF_TL431

It is important to bias the TL431 and the optoisolator
correctly for proper operation. Resistors R16 and R13
provide the minimum bias currents for the TL431 and the
optoisolator, respectively, and can be selected with the
following equations. The optoisolator was configured to
have a dc gain of roughly 20 dB, and the optoisolator had
a crossover frequency of roughly 80 kHz. Figure 7 shows
the small signal frequency response of the optoisolator.

v
R16=——1L

ITL43 1_min

VREF B VVERR(max)

I

R13=

op _min

Before attempting to compensate the control loop, TS(O,
we must define some design goals for the closed-loop
frequency response. Typically the loop is designed to
cross over at a frequency below one-sixth of the switching
frequency (see Reference 3). For this design example to
have good transient response, the design goal was to have
the loop gain crossover frequency (f,) at roughly 1 kHz,
which is less than one-sixth of the switching frequency
(fgp)- The following equation describes the frequency
response of the system loop gain, Ts(f), in decibels.

T G

s® = Ye(w)y FOeots)y THeoy,

The compensation network that is used (GC(S)) has
three poles and one zero. One pole occurs at the origin,
and a second pole is caused by the limitations of the
optoisolator. The third pole is set at one-half the switching
frequency to attenuate the high frequency gain. The zero
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Figure 7. Optoisolator frequency response
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is set at the desired crossover frequency. The following
equations can be used to select R35, C14, and C15 of G
to obtain the desired design goals.

Hy,), =20log(H,)

c(s)

_(G(‘,U(S)d_B +G()p\,()(s)dB +H(s)d_B )
R35=R32x10 20
Cl4 = ;
2xTxR35 x{,
Cl5= L
fS
2xTxR35 ><E

Figure 8 shows the measured loop gain frequency
response, T . The frequency response characteristics in
Figure 8 show that f, was roughly equal to 800 Hz with a
phase margin of roughly 50°. It is important to note that the
equations used to compensate the control loop by select-
ing C14, C15, and R35 are estimates and the values may
have to be adjusted to get the appropriate compensation.

Figure 8. Frequency loop response, T,
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Summary

In this design example we reviewed the design of a 100-W
PFC ac/dc preregulator with an auxiliary 12-V, 8-W bias
supply. The UCC2851x family of combination PWM con-
trollers is perfect for offline applications that require PFC
and auxiliary power supplies to meet different system
requirements. The design performance of this two-stage
power converter is shown in Figures 9-12.
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Figure 9. Output A THD vs. output power
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Figure 10. Output A efficiency vs. output power
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Figure 11. Output A PF vs. output power
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Figure 12. Output B efficiency vs. output power
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